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Abstract 



PURPOSETo enable fine working such as photolithography by improving surface shape (morphology) and to improve 
yield by improving characteristics of a semiconductor device. 

CONSTITUTION: After a single or a plurality of first compound semiconductor layers are grown on a silicon substrate 1 , 
the surface of this first compound semiconductor layer 2 is mirror-polished, and further a single or a plurality of second 
compound semiconductor layers 3, 4, 5... are grown on it, thereby improving surface shape (morphology). Introducing In 
into a growing compound semiconductor layer relaxes dislocation to improve characteristics or prevents punchthrough of 
an etching stopper layer due to dislocation. 
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M*g 2 ] 85 2 tfHb£##*<*»®SB 1 A 1 G [g*Lfc«>fiJJB#»] *«9!J3. S/ 'J 3 >*£1:IC«A 
aAsftfe'J, -5-0±lCGaAs/AlGaAsifcS L£Ga A s%Ztfb£4#f^{*«fc!ttttf&*^titty- 



[Sfc&£3] «2©ft^f^l«i©«lS©AlG C(SS(W>a»] '>'J3>(Si) Sffitt^UOAffl* 

aAsJf. -?-©±fCWiSn^GaAs/A (GaAs) ^b£4W^«tf>£«i:Jt«1- « 

1 G a A s *^fe**R K-^«Bt©G a A s JSt A 1 «WSBKfiv»T**r i: tilt. 62 (JBS) , 

G a A s JftfH vTftfr 1 JBJ^UbtC 1 0 19 c m-3Rj:CD I SWk MS. «B*»S«fe«ktf*P«fW««T?ifeS.#. 

njWT**u -tOIW*«fSWS«:ifcl«!^ii:S:4#a "WoTM*. MfcSifcU l*ffli$:G 

fctM^2KE^*y3>«^4M9W« aAs{Cf^Stl4ft^N»<*i:Lfe, «*.«. Ga 

& As on Sig*^®KB8tfi£iaftT^$. 

[M*4U] GaAs/AlGaAs*»6fc&»RK [00Q3] GaAs on S i &ffi<3«3£ftffitCtt 
-7«ig<Z>, h«fiMKlft&tl& A 1 Ga AsJfO 20 (OjBfcl-^Hffltf fcstf, ^treftlCSstf* 3 

*ffl©il>«5< t*» 2 nxn#±C I n j5te*n*H£i: fe j*W9C4»!feBH4:a*lT^*. 

3 fciB«roi/ 'J a y&&.it&fcm# [0004] ( l ) t3A*PM&a 

£«■ SMftf i:fc*G a A s S i J: U 

0DAlGaAsff»6<c&Xv7->yxH9/Wfi:^tr XJ*»& 7 0 Ot:0)|SI"C&<5£i:A^) fr&SSCBfi 

GaAs*iry?]f#WISft. Si7f>^h«;A -fSKWC JWS*KJ:oTG a AslO£A*PBtf8£ 

JHC10l9cm-36ll±OIn«t*jE*U U fi£^—7">X©SSffl(C«toT^i*\ -ta&H 

■WtiKitftv^2:S:««4:-r«II*«2a:V^L«#a ttKttl <>6 ~1 09 cm-2|C*«JtU 3*lfc«HTS 

4 ©urn* i mzEmm/v aymtt-smmttm '&Lt-^wm<Mmz.mm*:$z.i>. 

H. 30 [0005] (2) &Wffli (%*D2?) 

M*«6] 3HRK-^WStft«MW«GaAi/A 07 li. {^^U3>S^*«#*OTa*ffi0>A 

lGaAsfe&vvgGaAs/I nGa POISJlCBBIfffi FMWMtSHT**. 

JWJtTTI nAsffifi&tfctfO. lRtTfeSI nGaA (0 0 0 6] ~<DEK±. V&tamilZjLoTi/V a>g 

s**WA$nTV^^il«:#ai:-reit#«2lCga« ^»CfifeRbfcKB3<im<BGaAs* (GaAs o 

fflS/U 3>»Sfl:««¥4WHHL n S i StiD CXmtMGmMm (Atomic 
[»#®7] ^Ua>&Eld=JMft6ltt1Mk09|l Force Microscope -Digital 

KTMt^^Wi^fiXfi-riXSt, WSlOflte* Instrument fcfcSIN a n o Scope I 

*m&f§<D$LmmmmtzjMt. wmmszti- i a fm ) *m*xwML&m*i*L 

©£2(D{b£#^fc*£JfcR*S:im£tf;: 40 S i SfccDSffilCtt. «WHJ2 0 0 0 nmT'SS 2 0 

tzWZO. 5um&±amZ1:m+*Z£&m£t* [0 0 0 7] (3) >7i/N<DSy 

11*91 7 iltemoi/ y 3 >&^64#WtiMaCBt ±j£tf)G a A s on Si MRU IMttI tftSGa 

m A s £S«tf>S i ©)RaK^»C^lC«J:oTfiXfiiaS*> 

Tor r«TT'&SZt*mfc1-S»#«7££H:fS MJ -XStCfi^TR^atCfajHA^Ci 

8 tCIE*© 2/ 'J 3 >rat£«#*tH»®S^ «©3EW5:^ C6. 

& 50 [ooos] ta^&. j^smHftWR-r«&«>fc 



[000 1] 
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[0009] im&m as (a) ~ (f) i£ tsa? 

4. rOI2lCfcv>T, 3 1Uii/>j3>mti. 3 2tt 
7^;i/77*GaAs&f*ft. 3 3 »J7^;i/77.*G a 
Asl. 34lt£lGaAsg. 3 5IJ«2GaAs 
1, 3 6l^3GaAslT^. 
[0 0 10] 08 (A) ~ (F) (C<koTi"J3 

>^ft^4^««®s^«d8t^si»ra-r4. 10 
[oo 1 1] mixm (as (a) , (b) #sd 

S/'J 3>«*4S«3 1 S:*jR#i§a*T- 1 0 0 OlCgg 

cmilt. y s>im&tfgRiii(c#&r« s i o 2 

g«3 l©*MtC2®^«OSMS:«1-4Be«ifcW^ 

[oo 1 2] m2ig (us (o , (d> %m 

ftlC 5 0 O'CggtfXgSfMOC VDJCfcoTS/'J 3> 
<®&g«3 1 ©±(CG a A s fcJ&B-f* 77 

-S) . zoigtcfc^tii, Z-f. i/VnyfflmSL 20 
3 1 0>±O|gQHNC7% A/7 7 X G a A s 3 2 # 
tffiU WC»&-f *G a A s 0>©t*# 3 2 
T'>yn>ffij!i|a«3 10>*®*Svo< 1-7=^7 7 
XGaAs«3 3Mfit5. 
[0 0 13] £3Ig (08 (E) £88) 

6 o ox:ssoi»it<Dfi2sas*T'^aLT<saA'V7 

7 -Stf>7* 7*GaAsJf33 fctSJMS LT£ 1 
GaAs«3 4«:^t5. 

[0 0 14] £4Ig (128 (F) #flB) 
-t£>±lC. $2GaAsI35. $3GaAsI36{: 30 

[0015] ±igo-at<7)ffin:g{i. 2aiefiEfiffi 

(2-Step growth method) i:W 
[0 0 16] (IcGOES) <D&m 

>ss±«c*s a a s najBm&m&&&t 

*^£LTt^^TIB<&;^<»e>*VO^. 40 
0 G a A s «<&fi«We&KS:±#*>4 v >«KT 1/ 
T. IRKSiaWOl<aBBLTGaAsjf(f>IC9B£'f« 

© G a A s S(OEE^^{CSWlS](CS*S:«^S-ti-* 
<t } fcte*j£aK£#&4*mJf (flIAtf I n G a A s 

m *#alt. ^•m.aymz.nmts^z^m 

[0 0 17] Cxa^K 0t*ns/') <*>&#) -/Unv 

gt£±tC. AlAs, A 1 P<D£5lZ*/Vziyt<Z)lSI<D 50 
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77-*{;:EV^;:i:KJ:oT, GaAs5WXi:^#j£ 
[00 18] 

«W«H»J, &M&k &*UV) ©M4GaAs 
on Si S®OKfig(«fftTBST-$>5 fcv»-2» X-fc 
**l«flI8 (A) ~ (F) KioTUWLfe 
SSWfcGaAs on S iW&.<M&§&Bkfn*il- 
XAlOSHTi^OT'fc'A 10nm*b2 0nmiS 

5. 

[0019] z.nii^z&fflz.wa-ftibzt. y*hv 
vy*7-?j -muz* o Twmtcji* - y wmt&tk 

S4v5:V>«yGaAs on S ig&CDZtlb&TSi 
[0 0 2 0] *8)§I2. ±{C«(f fefSia<D^*»#{:S® 
«ffc-&4*4^»<*«« (GaAs on Si»g)5:g 

mztzmtts. 

[002 1] 

««M©±KJB«anfeM** v 2 Offc^ 

«^Wfc«rgrt^«SH-t*ii:CJ:oT. SB2 

[0 0 2 2] !S2<ZMt£4&=i3*WICD$&l« 
SAlGaAsfCU 0±JCG a A s/A 1 G a A 
s»6Vx«GaAs/I nGaP^e><fc*)8«K-^« 

mitts ZttfiHtS. 
[0 0 2 3] S2(Dft^4^<*JiW«l* 
©A IGa Asi. fei^ti. ■f«)±lCflUia*lfeG a 
A s /A 1 G a A s K-7KI0G a A s 

JiilAlGaAsS<7)V»m^lJiRJHCl 0l9cm-3 
fiLh®In*^**U «O0W«WIOTfi:ttA«:vtj: 

[0 0 2 4] GaAs/AlGaAs^/j: 

zmi K-7«jgro. y- h«sMeaan« a 1 g a 

A s mo&e&Oyptt < 1 1» 2 n mfiUilC I n * 
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[0035] zcDm&tmb. m*t® 



[0025] z<ms. mb~-zrm<D±izmh& matptsmiz&vzmmxfi^t-T. mam** 

I^t;GaAs*t>^I&«iU Sx.yf->^ (MOCVD) ICfcoTJ&g-f *»E 

h v JWlZ 1 0 19 c m-3Ri:0 1 n £-££1* -?0ffi£ (760Torr) «t y<g^#H& 5 0 0 T o 

5:86l?Ri?$:iSfet^>J:-5{;l-4ri:JCJ:oT. x«yf- r rOTT-&$i£#$?£ L^Zttfbfrvtz. tZb 

yy<r>®%mtm\k*zzti*T:£z. #. (mbe) t-^* 

[0 0 2 6] HCDi§£. )8RK-7*BiS:«sm>Ga B<Z>«fifc&«:tf t. SSSS^^TtiSffifflS. & 
As/AlGaAsfeSVMiGaAs/I nGaP©B3 10 iZttftifrvtz. 

lzm&mXT-einAsmitt)<0. IVXtX&Zl [0036] 01 OH mgggMBElZJ:>)5S.&ltz 

nG&AsMZWAt&ZtlZXoTiGgffiiS&f-Z Ga A s*<^SOAFMSfflffli^[T'*4. 10)0^ 

7£fi£-r£Zi:tfT'£&. e>^e>*^«k^{C gKK2MBEKJ:oTS&5L£G 

[0027] #i8imca^4S/y 3>s«ffc^#fsw* a a s M<o3ffimit^mimRT!&>)s &?i %& 

fll 1 «Hfc^t^«g©«S&a®ffSt-SXgi:. ft [0 0 3 7] Hi Hi, jgSE2MB E(C«k yftfttfe 

StSfFBSftfcJI 1 <^ft:^W»<*Ji©±tC$ e>tC*» 2/ 'J 3>g«G a A s f§0>&WO A FmmWMX'& 

&&Wtmi<m2<Mt&&m&f§&i8.&t&JMi ft. 30HtCJ:fti:. 3flMFffiCJ:oTrt*LfelS»I 
««-r«ri:K:J:oT. itt&ttS^lcm 2 MtSWm 20 O¥ffi«ICfc^T100nmSR<0*S3©iai!3i*^ 

(MM«SB0RfcWM"ftZi:#T?£*. SftTHftii:*****. 

[0028] z<m$. miaxtiswrnfrm*:, sm [00 3 8] hi iox-x* aucswftw 

«Watifc«C0. 5*tmJSLbZ)JP£U:fcft£-5iCTft iBHKfcjRUTHft. ZKBBKifti:, X-X' JffCS 

3fcCJ:oT¥«fc*ffifel»*r fctfTSft. tt«WSB0WCJ3V»"Ci»a 5 0 nmNKflXSatmA* 

[0 0 2 9] 3<Z)t§£. «20ft:£ft¥*ftV£. ftTHftifctffc/Pft. 

£»»b*i«scj:ot»*u 83m&Bisa&3* [0039] r»j:^4iads*«aB*raicov»Ti5>i 

5 0 0To r rlXTiZt&ZtiZJiiX. SEtfWStt SfcfcrftSS&C&HaftftJCSoT^fc^tf. MOC 

fcfSLt-TftZhtfT'tft. VDfcMBECWiv\ MOCVDOJ&fiPtOgBftftE 

[0030] zro^, m 2 wtttfrmmsntm & a«fiHs**e>#*.T. *»tiB&Lfe a s B&vmg. 

[0031] fc. mioHt^mwtowmmis j/ya >«s 

[fBO] *«t?!tf>g*6<Jfc3:/1zy htiffitf>TJ*|i6-e& ±K«W*fl 1 COftSIWMIIWiT'&ftG a A s SO 

B"ffttwGaAs onSiS«<7)^«iO-a5 £ffi5:flTOBUfc£<&8yg^{C*oTfcJ*fcft;:i: 

5r-^sutft, smzmmmu *<n±.\z*&fc 

jOT¥*fMfcl9&lt'rft£. BOftffOSiiSEtttfA [0 04 0] Hi 3ti. MOC VDtC <fc yfcftLfeS/ y 

tftC&ft&v^feorafeft. 3>S«G a A sS<7>«ffi<7)AFMS8MR?ST*fc4. 

[0 0 3 2] L*»U 3WBC±IJOJ:^«aWft<T9T 3®HC*»A»«-a©m«CJ:«fc, J/'J3>«R±JC 

«S^C<koTSffifi^»«ffi»C0«®e ««anfe!Bl«Ht^Mi«(«ST-**GaAsJiro« 

tt»**<ji&*i:^iijfcw»&ftfe. 40 ymwo. 5*mgs«fcy»<fcfti:»fcg*s£ (sn 

[0033] H9IJ. MOCVDtC*yj/y3>«fU: 2«HC#4to i NIWD ©«iK:*ft«eia#««fti;fe. L 

ICO. 6Mmfi£fiLS:GaAsJi®«®!fi$©iRl3Se* fetfoT. m^6flMNMMreflB9Mlfeft(C. 

T*ft. ZOmiZ&^X. m&&&&%. OC) . «M 0. 5»mah«BWf:*+ftJ:}»CT*i«#*&i: 

lifflS (A) fcatLTirtft. »$Z.£1fiVte*. 

[0034] 3<7)H(Dffl« a ttfiJt«B*<©#aaW)E*^ [004 1] ZtUtft 1 Oft^^lWJiTfe* G a A 

7 6To r rflM*a«>affi»§S€:AFM»CJ:oT«ljei/ s fcj££t1-ft«&. *0fl«W^TltlI»T<E&ffi«# 
feftfltfeRU OH b lft&Jt!*0>#afta>E£# 7 6 0 * ©±K«20ft£*iWWWfcaftTfti: 

Torr O^COKSfflS S:^LTV>4. fiE r«)C^±fct^TftvMi^ti*ftittB8W«: 
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[0 04 2] iZX\ 2/U3>«fcJ:JCJ«fiLfe*i«) 

U -5-©±{CI nAstf)i|§Jjfctt#0. 0 1 (1 020 cm 
-3) 0)1 nGaAs^lL *&&£ffiJ£iK$:EIl 3 

[004 3] E14H 0. 5 tf m0)GaAsJI<7)±tC 
j£gL££/'J:3>g«I nGaAsJf^SSODAFMS 
ffiSI^HT'&S. 3012*^ I nGaAsSOMSffiro 

i?fa*'*§ Kin tmm^Lftmom^^izx i 

<fc?{Cl n£K-hr>^*5r£{Cj:oT¥JIte0>&# 
fcG a A s /A 1 G a A s»R K-^WBSfcJBOTSi 

[ 0 0 4 4 ] fg 2 «Hfc^4MM»ttS©RHC*«J?< fcSlf 

[0045] &±<DmM&kz-Mfrrs£. ns$.m 
bbM mzoit&d&mm) o&m%mt~ w&\zm 

£1" £> A si (As-species) £ % &&]§tp(D 2 

a. 

[004 6] (1) 500To r r&TF<D&gMOCV 
DlZl:>)'£&fgt:i&&tZ>tg<Z>Asm (As-s pe 
c i e s) 5r3>hD-;H"S. 

(2) SRSWSL/cGaAs on SiS«OGaA 
si (Jlll®{te4i#WM) 0>8»;&£«:O. 5 Mm 

( 3 ) ft*4PftffMWtC I n mALTX&Ltzm. 3 

(4) mz<MtismmM30mzzium&.Tttji& 
^<»<-rs. 

[004 7] 

[0 0 4 8] oumm) ant mim&mai/v 

lliSigfii, 2liGaAs;<777l, 3HiAlo.35 
Gao.65AsA'y7rJB. 4iii-GaAs,: I n«-f- 

5lii -Alo.28Gao.72AsX/<— 6 4C 
tin-Alo.28Gao.72As«^i(i&JS. 7lin-Ga 
As^»;m 8tt^-K«ffi. 9«V-^m 1 
OttKW 

[0049] Z<DmiZ7jkt!t\tzG a A s on SiS 

[O050]glIi(GaAs on S i SJ&) 
S ig&l $:*Jg#H^T- 1 0 0 0"Cllilg!fiLTSffi 
0)Btffc&5:l»£L£«t. S«iSS5:5 0 0TC{CT»fTM 
OCVD{C<fcoT7=E;i>77 7.fttf>Ga Asjf£500 50 
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AffcSU SfiiaK?:6 5 0t;(C±tfTZO7*;b7 7' 
XtfcDG a A s SSr^fifbbT^CS 3 « mODG a A s 

[0 0 5 1] 3<Z)M0CVDffi{i3<3!)fi^5T-J:<» 
&*lTfi»J. MAtfSiK (M Akiyama, Y. K 
awarada and K. Kamini shi : J 
apanese Journal of Applie 
d Physics 23L843 1984) tCISK 

[0 0 5 2] £2Ig (Ga As on Si (OmMft 
0) 

*eSfbLfeGaAsA-y77J12<7>^S5:, iSSt. EE 
JUiG a A s IS««:»Bit4flRlC««FaBTff 

WBlCioT. GaAsAy7rJf 20>£®?:O. 5« 
2. 5ttmi:1-«.. 

[0 0 5 3 ] &3XM GHR K-TWHWDrtJD 
SIE?WL&GaAsAy77JI20)±JC. ^EMOC 
VD(C<fco TTIE^fcfr T'fflR»(0£ 2 <Wt£W*<* 
•t«ftLT»RK-7DBIt«aLfe. n- 

g a a s v -tmi<»>f- vm.tev+yvx.xn 

ifl Lfe n - A 1 o. 28G a o.72 A s S-f^*&« 6 C7)±icy 
-MtS8fc»RrtU 3®y-hSffi8fc^T-n-G 
aAstl"^fi7 0>±K V-X«I9 £ K W >«*g 
1 OSr^figLTHEMTS^-r*. 
[00 54] fMHfeftttTE^fcfeye**. 
J&g&K6 3 0iC 
fi&SE^7 6T o r r 
HOT** 
GaAs 

TEGa (Tr i e t hy 1 g a 1 1 i um) 

AsH3 

A 1 G a A s 

TM A 1 (Trimethylalluminum) 
TEGa (Tr i e t hy 1 g a 1 1 i um) 
AsH 3 

Si 2 H 6 

TM I (Trimethyl indium) 
[0 0 5 5] &Bmiixtoi!ii&t:. 3 
~4A/s e clC&S«fc^>ICS8£L£. i&R&gtfjlK 
«^*iif3W«ift1-*WW«5if>nfe. t&. TMG a 
J: »J *»T E G a ©*#«Sffi*apjHlc<fe*ffl(Si*«*ofc. 
[0 0 5 6] HI Ofl|^±Sti^j5J:0RIHIiiT 

7. n-Ga As^-y^I fSlOOnm 
KriftKi. 5xioi8 cm -3 

6. n-A lo.28Gao.72As«^«^jf 
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5 0 n m 
Ktlttl. 5xiol8cm-3 
5. i-Alo.28Gao.72As^^— 
J9$2nm 

4. i-GaAs : I nS^TfcfrS 

1 0 0 nm 
I njRSl 020 C m-3 
3. A lo.35Gao.65AsA<y77jf 
i?c5 3 0 0 nm 

2. GaAs;^7Ti 2. 5«m 10 

1. Sig£ 

[0 0 5 7] -©flBtKfiHT. Si«Rl©±C«)« 
$*l*G a A s Ay 7 rm 2 0Jf $ BflBffliMtt* 2 . 
5tfmT&oT, *gVMat5#£i;.&JS3T'l&S0. 5 

1 0.35G a 0.65 A s Ay 7 rM 3 <Dgffi£>¥fflttli&$? 

[0 0 5 8] ife, n-Al 0 .28Ga0.72As«^i^ 
® 6 i: i - A 1 0.28G ao.72^^— 5 i: i — G a A 

s : Inm'T*fTJI5KJ:-)T»RK-^IKfcWBrta 20 
ftTHS. StI©i-GaAs : I nMI-j&fifflt. 

zamzmxztitzmmi o2o C m-3«±0>i nicj:o 

19 c m-3gjg©jftg<Z) I n <0mA\Z «fc o XmKDfflm 

[0 0 5 9] n-Al 0 .28Ga 0 .72AsSW& 
S6. i-Alo.28Ga 0 .72^ / <— f-«5^tCOV\T 

£tiSt*N&£*lTH£*t, n-A lo.28Gao.72AsS 
^«*&S6{CIn5:S»A-r5^±, *ro±*[I0>'>fc 30 
< £ %> 2 n m(C I n ##**lfcv \ i -J (C LT^- hftg 

omtmmtimtsztim* lk 
[0 0 6 0] is 1 <Mt&&m&fg(D&±mnG 

aAs/W77«20>$ffili. «S^BtCj3V>T^ftS * 

#ftrfi on Si 

( c m2 / V s ) o n G a A s 

on Si 
( c m~2) on G a A s 
[0 0 6 7] ~0SU609KJ:.5GaAs on S iff) 40 
trWT&titfflt* Sia£i3l7*GaAs on Ga 

Asffl^y 7^»ao 9 3 %T-. >/- v ttwmm 

SttSfcA/JSEb&T. S£l»ftt:Jr;t.*IS>J£<igH 

[ 0 0 6 8 ] Z<»$&eM<DG a A s on Sig«S: 
MESFETJCii«-r*»&Ji. ±ia(DGaAs : In 
S^TtffS4ttS i fcK-^l/feGaAs : I nTfeo 
Tfei<, i-AlGaAs^-*f5J:';±©^ 

[0 0 6 9] *$g!?3£. «KD**«*fl!;ttf. Ga 50 



2 1 ff&JBSJifc L*Tv *A 1 G a 

[0 0 6 1] I nfc$|AL£GaAsJI&£HlJAlG 
aAs*S:aSitl«StSiagT-. 91Jft?£tt»<«l 
< I n£#£fcHGaAsJI&.&WJAlGaAsS£ 

z. 

[0 0 6 2] ±ffitf>n-Alo.28Gao.72As€ 
6 1 i - A 1 0.28G ao.72^^— *M 5 £T'« 
f&ZiXZWi K-^Wttt. n - I n G a PS-f#*&JI 
i: i — Ga As X*.-*M£-emtt>Z£t>T'2S. 

[0 0 6 3] B21J. JUliatHO^'Js^lHKfbdlfe 
^ftS^ffiCDA FNMga»2£KT'£>$. Z(DHiC«t 
4 ¥#fcf 0*®<DHi!i<&* 1 3 it 2 ~ 3 n mg® 
T'&y, G a A s*0*®£l?FBl,fcV^lCJiSffitf> 

[0064] ICDUffi^T-ti. m&&M<D±m&$: 5 5 

<^cS*^. 2?^7t;S^xa)i!#tt/»^tt'i^l!aSl*I 

[0065] z<DmMi<D*m#mma*-)mfei:fi 

0>JC, S i«ESffl^*ii:ft<GaAs«£J:JC|B!- 
«&0G a A sfffcfWl,&«&aaH&$XfcjrclTti 

[006 6] 

7 7K 

2 14 00 

3 03 00 
8. OX 1 OH 
8. 2X1011 

3b*^(i. InAlAstlnGa 
AsZM&ttdmizmR+&Z£*>*I&Z'3i>Z>. -fL 
T, ^©gteffiltt. n-AlGaAsS*ff«£*#TlC 

©HEMTJC*>BIWca«T»«*itttk^*"et.«s 

[0 0 7 0] Sfi. JSRK->''«ii*:«fim>GaAs 
/AlGaAsfei^ltGaAs/I n G a POTEIICBg 
JHJWHTT I n A s ifflj&tt#0 . 1 OtC** I n G 
a AsJf$:}fA-r6Z.i:«toT. mtf^R 



52 80 
5 6 9 0 
9. 6X1 OH 
9.4X1 OH 
AstlnGaP, 



11 

-TT^tf JBi565CD I nGaAsSlCl nSrSfcitJ-f St. * 

[0071] mzmisffl) 03, m, mo, me 

H&0>xmim®T'3i>i>. Z.0)mz&^T* llliSi 
1 2liGaAsSSlA«y7rJi. 13liAlo.35 
Gao.65As : InI2/<7 77f, 14liAlo.28G 
ao.72As^3A>y7rJi, 1 5U i -G a A s : In 
Iff-j^ffS. 1 61J i — A 1 0.28G ao.72A s : InX 
^-m 1 7ttn-Al 0 .28Gao.72As«^H«& 
/l. 1 8lin-GaAs£l*-v<y?"E. 1 9(Jn-A 
10.28Gao.72As : I nX.yf-ytf7.by/VS. 20 
lin-GaAsg£2*i"y7Ji, 21. 2 2liU2>*h 
M. 2 3(iE^-Rf- hm 2 4ttD«e-Ky-h 

[0 0 7 2] 3OT||«6^li*««Sr4M!|*m«ll»SS 

[0073] miXS (E3#fi® 
SiSfill©±lC. GaAsJBl^«/77ll 2, A 
10.35Gao.65As : I nS2A-;77il 3, Al 
0.28Gao.72As^3A-y7rSl 4. i-GaAs: 
I nm&fetWl 5, i — A lo.28G ao.72 A s: In 
X"C-*Jfl6. n-Alo.28Gao.72As*?*** 
17. n-GaAsSU^f-vy^Jf 1 8, n-Alo.28 
Gao.72As : I nl'yfy^ by/V§ 1 9, n-G 
a A s 3? 2 <y ^« 2 0 

[0074] 312111 (E4$IS0 
n-GaAsSI2dr-r«yyS2 0(D±ICUi;^ Mf2 1 

PSrjtLT. CCI2 F 2 +H e K^Wx-y f- 

^l/CE^-Mf- Mf«©n-GaAsfS2*-*>y 
^S2 0?:l»*-rS. Z.©x-y^>^tt-5-(DT©n-A 
10.28Gao.72As : Inlyfy^hyAfl 9ffl 
SST'flfJh-TS. *0>ft, NH3 OH : HO2 =1:5 

*>tf LT E*- K*- hfiffln - A 1 0.28G a 0 .72 
As : I nl7f>^h-yAfl 9 £«;£-r.&. 
[0 0 7 5] SS3Xg (B5£ffiD 
l/S/X hS2 1 *Hft£U *rfe&US?2 MI 2 2 £J&f£ 

u e^e- h*y- MS«i:D=E- hmmzmaz 

CI2 F2 +He#*t*»T'K=>fx»y*;/{rLTa>E^ 
-KY- SfiI«<Dn-GaA sfll **<y ^Jf 1 8£:D 
^-Ky-Mf«<On-GaAsSg2**>y:flS2 0«: 
Bfc£-f £. rOX-yf-^^i-fOTOE^- KY- S« 
t£tf)n-A lo.28Ga 0 .72AsS?m«l 7 4:. 



(7) WW 5- 1 66 7 24 

12 

— K^ , -hfflSOn-Alo.28Gao.72As : I nx«y 

fyf%. b *j/W 1 9 o&ffi-QWstti,. 

[oo7 6] %4xm mem) 

NH3 OH : HO2 =1 : 5 0 feJBHTtfs-y 
Kx<vf->^bT, E^-Ky-KfWWn-A lo.28 
G a o.72 A s*H&*8« 1 7©H»i:. D*- b'f— b 
fS13cOn-Alo.28Gao.72As : I ni i yf>^ h 

1 9 «rRf^-f«. l/i/'XSJi2 2©BBPS:«L 
T. AlfcjJWU E^-K^-Smffi2 3i:D^-K 
10 >r"- S®f2 4 fcj&fc-f*. l/*;*hJi2 2fcBfc£L£ 
ft, n-GaAs&S2*Y<y7/I2 0ro±tC. fttCJglS 
LfcE*:- K-7*- K«S2 3 JSitfD*- b'¥- bWZ 
2 4 £&A/T*-e*i-e*iv-*®I£: K W yWS&m. 

[0 0 7 7] £9 6 <ZH»80£^Wi3i WttftttfcT 

20. n-GaAsI2* J c«;7 r I 
f$6 0nm 

KriSKl. 5xiOl8 cm -3 
20 19. n-A lo.28Gao.72As : InX-yf->y*h 
>yA« 
3 nm 

FriRgl. 5xi0l8cm-3 
1 8. n-GaAs^ldr^-yT'S 

KtHKI. 5xlOl8cm-3 
17. n-Al 0 .28Ga 0 .72Asm?{R*&S 
if $3 5 nm 

KriSKl. 5xi 0l8 C m-3 
30 16. i -A lo.28Gao.72As : I nXt- 

15. i-GaAs : I nf^ff 

1 0 0 n m 
I nfegl o20 C m-3 

14. Alo.28Gao.72As£3A>y77Ji 
1 0 0 nm 

13. Alo.35Gao.65As : I n&2Xy7r!g 
SC3200nm 

12. GaAs£lA-y77JI J5S2. 5/ttm 
40 1 1. S igfi 

[0 0 7 8] ~ 1 %&0!U:#l&£.&li. E 

=E- KH EMT i: D*- KH EMT Ltz*X'& 
y. *©fe«>. Infc#A1-*^(MM>BM«tSDU 
i»R K-7tSBtfc©±aHCX«y?->?'X h «y A'/fil UT 
I n£*AL£AlGaAs«£3|ALfc::i:T'£>£. 
I n * K-£>^LfcE©&fi*ii*L£;ifci:j: »J. 

[0 0 7 9] 3©|Q6ffll©«J:^»C#»^fiLfeAlGa 
Asjf. GaAsM&DXy+ytfzbysySlt- left 



(8) 



*8»PP 5- 1 6 6 7 24 
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4. ifc^fctt^tCXy^yahyAWCInS:* tE8] (A) ~ (F) 11 «aW5^>Jn>S«{b^5 
ySft^^fetoX^^^y^t&W^B&^Zi:*^ [09] MOCVDICi»J^U3>SS±JC0. 6«m 



[«?§<D$&£] SLUMS Lfe J: ? *$89§tC«fc St. G a A s »0>3®tf> A FMJRafflPfET'&S. 

o&mm &*uy) tm&mzimzft> mmm g a a s mn&moA FiVBgasa^T-fc*. 

^<^j^^fg£fc$£tfcjc. 7*hyvigtc3s 10 IHl 2] Hi 1©X-X' «BCfett*KffiJHftfes%u 

m^ya>lHt***i»8IWI6ru H5S» [HI 3] MOCVDICj:yiMl / fcS'U3>«BGa 

IWIE<SJIIW>«S3* MfclCff£*5 i: 3 A s MV&Mm&A FM^ajfc^gT'&i. 

[HHtf>ffi#fc3if5§] [HI 4] 0. 5 «m®G a A sJKD±tCfi££L£S/'J 

[H 1 ] m 1 'J nym.it&&mwm<n 3 >SS I n G a A s JfCDSHCD A FMgftg*5£T-£> 

[H2] jgi loeM©^ 3 >s«ft^f^*s©« im<nw%] 

[H3] m2fmi0i/V3>m<ttswmm&to 2 GaAs;<-y77i 

Sfi&fr&^l^Si^H ( 1 ) T?£>*. 20 3 Alo.35Gao.65AsAy77)I 

[H4 ] mmsmw nymit^mmmm<r> 4 i -g a a s : 1 n^mm 

JSt^feftEgSHBH (2) T'£>5. 5 i - A 10.28G a 0 .72A s 9>J| 

mf>] mzmm^)^yWS^Wmimm.<Ji 6 n-Alo.28Gao.72AsS?#£« 

SSg^ffiOXSItt^H (3) 7 n-GaAs^'y^I 

IH6] «2St^©^U3>«^^4WMWHSW) 8 htt£ 

w&umoxmiw® (4) 9 y-xm 

[H7] (Sa^J/'Js^llfit^^t^Wi^SiicDA 10 KU>T>«ffi 



[0080] 



J&5L£G a A s JfO*ffiffl$OS!l^*T'$>S. 
[H10] fflOa»MBE(Cj:»J«ftLfeS/y3>|M 



[HI 2] 



(9) 



5-166724 



[01] 



6 10 

r 4--, 



1 . 



— 7 

-4 
+-3 



—2 



— 1 



7 : n-GaAs * + ■» 7'3 

6 : n-Al02«Gaa7 2 As «*#£B 

5 : i -AlaaGaojjAs x^— -tig 

4 : i-GaAs:ln«^fTS 

3 : AlosGaassAs '< y v tM 

2 : GaAs'>*7 7 rl 

1 : Si ££ 

8 : y- h*« 
9 : v-*«ft 

10: K u -f > 



100nml K-f«# 
50nm f I5.10 ,8 cm 
2 nm 
1 00 nm -[n«ft£ 



300nm 
2 . 5>im 



m 



r3 



(10) 



[03] 



m 2 mmn<o > «i 



19 



-J 7 
-16 

-15 

-H 

•13 
•12 



11 



2 0 


: n-GaAs£2** v7'» 


60nm 


1 9 


: n-Ala28Gaa72As:In^ y > ^* 


3nm 




* h «v '<« 




1 8 


: n-GaAs £M + + v 7'M 


7nm 


1 7 


n-AlQ28Gao.72 Asfc^-gM&fli 


35 nm 


1 6 


: !-Alo28Gaa72 Asilna^-^fS 


2nm' 


1 5 


: i-GaAs:In«^fTl 


100nm 


1 4 


Ala2sGao.72As 93'*? 7 7I 


100 nm 


1 3 : 


At 0.35 Ga Q65 As : InH 2 *< •? 7 7I 


200 nm 


1 2 : 


GaAsSB 1 '<■* 7 r» 


2.5nm 


1 1 : 


Si &tg 





l5-ltf?rT? 



WH¥ 5-1 66724 



[124] 



•21 

— 20 

-18 
17 
16 



-M5 
H 



13 



12 



11 



2 0 : n-GaAs *2** 60nm 

t 9 : n-Alcu«Gao.72As:Irv*-y*->y 3nm 

1 8 : n-Ga As % 1 * ■* 7'M 7 nm 

1 7 : n-Aloj»Gaa72Asm^4*l6Ji 35nm 

1 6 : i-AI OMGaaw Asdn*^— -*J1 2nm 

1 5 : l-GaAs:ln*?-€?7Ji 100nm 

1 4 : Alo»Gaa72As 91'<>7tM 100nm 

1 3 : AtaasGaaesAs :ln*2'<? 7 rl 200nm 

1 2 : GaAsJM '*y7 7 m 2.5nm 
1 1 : Si ifi 



m 3 



2 1 : H 



im* 5- 1 6 6 7 2 4 



[H5] 



XSJftHH (5) 



-22 



:H9 

-17 

— 1 

-H 
-13 



20 
18 
16 



■12 



— 11 



2 0 


: n-GaAs ft 2 t * v 7'M 


60nrrT 


1 9 


: n-Alo2«Ga072As:lnx 


3nm 








1 8 


: n-GaAsJBl ttv^I 


7 nm 


1 7 


: n-AlQ28Gaa72As«^K^je 


35 nm 


1 6 


: i -Alo-aGacmAsrln*^— tJi 


2nm 


1 5 


: i-GaAstln^fjtfrfl 


100nm 


1 4 


: Ala2sGaa72As »B5'< 7 ri 


100nm 


1 5 


: Ala3sGaa65Asinft2 '<? y 7I 


200nrn 


1 2 


: GaAsg1'<?7 7j| 


2-5nm 


1 1 


: Si Sfi 





1.5-IO^m 3 



2 2 : u * hi 



ftffiZ 5-166724 



[06] 



X8KHH (4) 




— 17 



— 16 
-15 

-13 



12 



4-11 



n-GaAs*2 v^JI 60nm 

n-Ala2eGa072As:In^ •? > ^ 5nm 

n-GaAs#1 t + 7nm 

n-Ala2«Gaa?2 Asfc^JSJi 35nmj 

i-At02«Gao72As:IrC»'<— «r-Ji 2nm 

i-GaAsilnm* j£frH 100nm 

Ala28Gaa72As J63'<? 7 rl 100nm 

AlC35Gac6sAs:InJ82-' < 7 7 7M 200nm 

GaAsfcM '<«) 77I 2.5nm 
Si S£ 



2 2 : v> * hi 

2 3 : E*- Kf- hm& 

2 4 : D*- Ky- hms 



(14) 



!&ff§¥ 5- 1 6 6 7 2 4 




[010] 



(15) 



5-166724 



[08] 



(A) \ si as -M i 

1000'C £jDnft 



| , .*i , ."5!i! h*** 

Si- Si - Si -Si t 

» i i i 

Si-Si- Si -Si -Si-Si-Si 
(B) Si-Si-Si-Si-Si-Si-Si 

32 

•H i 



(C) 



(D) 



(E) 



(F) 



33 



31 



34 



,36 





<-35 



?/////////? ^34 
1-31 



(16) 



<®m 5- 1 6 6 7 24 



[09] 



MOCVDlIi t) > ... = >££_t;;0 . 6 nm^Lfi 
Ga As SoSffiffi * 




[HI 1] 



tmW- 5- 1 6 6 7 24 



[01 3] 




